Summary: Seleniiun (Se) levels in whole blood, red blood cells, and plasma taken from 199 healthy subjects were investigated and found to be 101.1 g/l (whole blood), 133.1 g/l (packed red blood cells), and 78.0 %/\ (plasma). In 62 samples of urine, the selenium level, expressed äs g/g creatinine, was 11.4. The mean whole blood selenium concentration was significantly higher in men than women: 104.5 ± 23.2 vs. 96.9 ± 21.2 g/l. No differences were found in red blood cells, plasma and urine between male and female subjects. A strong linear correlation was observed between red blood cell and whole blood selenium levels (r = 0.879; p < 0.001) äs well äs between selenium levels in whole blood and plasma (r = 0.806; p < 0.001). A weaker but still significant linear correlation was found between urine and whole blood äs well äs between urine and plasma selenium concentrations. The relatively löw levels of the element in the blood and urine are probably due to its deficiency in the diet.
Introduction
Interest in selenium äs an element indispensable for the normal development and function of the human body has cönsiderably increased within the last few years. The biochemical role of selenium has yet to be fully elucidated. It is clear, however, that selenium is an essentiäl structural cpmppnent of the active site of the only known mammalian selenium-containing enzyme, glutathione pefoxidase (glütathiöne: H ? 02 oxidoreductase; EC 1.114,9) (l, 2). This enzyme contains selenium in the form of selenocysteine (3) . Glutathione peroxidase catalyses the decomposition of H2O 2 and organic peroxides to water and alcohpls, respectively, and thus protects cell membranes against peroxidative damage (4, 5) . It is now recognized that some of the illnesses commön in man are probably due to decreased supply of the element in the food, which leads to its reduced blood and tissue levels (6) . Epidemiological studies reveal the importance of selenium in the pathogenesis of neoplasm formation (7) (8) (9) (10) (11) , neurological conditions (12) , and cardiovascular diseases (13, 14) . It is now known that addition of selenium to the diet effectively prevents jüVenile cärdiömyopathy, the endemic condition prevalent in the Chinese province of Keshan (Keshan disease). A characteristic feature of that condition is, among others, decreased blood and tissue concentrations of selenium (15, 16) . Previous research made it possible to establish a close interdependence between the blood levels of selenium among the given population and the geographical area inhabited by them. Low selenium levels are observed among Finns (17) and New Zealanders (18) , whereas those of Americans and Canadians are 3 to 4 times higher (7, 19, 20) . Selenium concentrations have been determined not only in the blood but also in excreted urine in different physiological states (21, 22) and in certain diseases, especially in people employed in Jobs involv-ing contacts with heavy metals (23, 24) . Research on selenium levels in the blood of the population of Poland was initiated recently (25, 26) . In the study reported here selenium levels were investigated in whole blood, red blood cells and plasma, s well s in paired samples of urine.
Creatinine levels in urine samples were determined by the method of Polin & Wu (31) . Selenium concentrations in whole blood, red blood cells and plasma are expressed in μ §/1, while urine selenium levels are expressed in μ §/ § creatinine. The data obtained were used to calculate means, Standard deviations, and linear correlation coefficients. Statistical significance was analysed by the Studenfs t-test. Differences at p < 0.05 were considered signiflcant.
Materials and Methods
Selenium levels in whole blood, red blood cells, and plasma were assayed in 199 healthy subjects aged 17-97 years (95 women and 104 men) from different parts of Poland, mainly from a large urban area (Lodz). In 62 persons (26 women and 36 men) the paired samples of urine were collected and analysed for selenium and creatinine concentration. The examined group included students, clerical workers and retired people whose Jobs did not involve contact with the element. Venous blood samples for the investigation were taken from the cubital vein and placed in heparinized test tubes. The determinations made in whole blood included haematocrit and haemogl bin levels using Drabkitfs reagent. The remaining blood was centrifuged for 5 min at 5000 min" 1 to remove the plasma. Selenium concentrations in whole blood, plasma and urine were determined fluorometrically by the method of Watkinson (27) , using 2,3-diaminonaphthalene s the complexing reagent. The 4,5-benzdiazselenol formed in the reaction of selenium with 2,3-diaminonaphthalene was quantitatively extracted with cyclohexane. Fluorescence measurements were made using an Aminco-Bowman spectrofluorometer (λ βχ = 366 nm, λ βιη = 525 nm). Lyophilised blood Standard samples of the International Atomic Energy Agency (A-13) were used to monitor the accuracy of the selenium analysis. The mean selenium content in these samples, calculated from six successive series of selenium determinations, was 255 ±15 ng/g dry weight. The reference selenium value for the Standard was stated to be 240 ng/g dry weight with 95% confldence interval (28) . The coefficient of Variation was 3.0% for whole blood (n = 6), 3.8% for plasma (n = 8), and 2.9% for urine (n = 8). The red blood cell selenium concentration was calculated from the difference between the selenium content of whole blood and in plasma (29, 30) , with allowance made for the haematocrit.
Results
The results obtained are presented in table l. Selenium levels in whole blood, red blood cells and plasma were 101.1, 133.1, and 78.0 μ §/1, respectively, while the urine selenium concentration was 11.4 μ §/ § creatinine. The difference between the whole blood selenium concentrations of men and women was statistically significant (p < 0.02). Subjects over the age of 60 years (n = 11) had significantly lower whole blood (97 ± 22 μg/l), red blood cell (133 ± 35 μβ/1) and plasma selenium levels (72 + 17 μg/l) in comparisoii with the age group between 17 and 60 years old living in the same area (122 ± 22, 170 ±36 and 92 ±16 μβ/1, respectively; p < 0.01; n = 69). A positive statistically significant linear correlation (r = 0.879; p < 0.001) was found between erythrocytes and whole blood selenium levels s well s between selenium levels in whole blood and plasma (r = 0.806; p < 0.001). A similar correlation was found between urine selenium levels and whole blood (r = 0.492; p < 0.001; fig. l a) s well s between selenium concentrations in urine and plasma (r = 0.516; p < 0.001; fig. l b) . 
Discussion
The results obtained in the present study show that selenium levels in whole blood of the studied population are lower that those in the USA and Canada (7, 19) , similar to those found in some other European countries, such äs Germany (32), Belgium (33) and France (34), but higher than in New Zealand (18), Finland (17) and some areas of the People's Republic of China (35) . This great Variation in the geophysical occurrence of selenium is well documented. Lower selenium levels, which have been observed in our over sixty-year-old subjects, have also been reported by other authors. Investigators in Belgium (33) and in New Zealand (19) found that blood selenium concentrations for adults decreased after 60 years of age. Lower blood selenium levels found in elderly people may depend on nutritioü habits ässöciated with aging (36) . According to various authors (37, 38* 39) blood is not the only indicator of selenium levels in the given popülation. A iriore comprehensive pictüre may be obtained from simultaneous detenniaation of selenium levels in urine and in the hair. Until now, however, only limited data were available on the selenium eoncentration in urine. Alexander et al. (23) have shown that selenium excretion with urine does not change with age, but it depends on the physiological Status of the examined subject. This was also demonstrated by Swanson et al. (40) who found decreased urinary selenium levels in pregnant women compared to controls. It has been shown, however, that the determination of selenium in a single urine sample, and expression of selenium excretion in terms of its eoncentration per urine volume is of little significance, because it is subject to feeding and dilution effects (18) . The data presented by Hojo (24, 41) have documented the advantage of expression of urinary selenium levels in a single void urine sample in terms of ng/mg creatinine. Values for selenium excretion in the urine in the group in our study are similar to those reported by Schierling et al. (42) . Other authors (41, 43, 44) reported much higher values. This is probably due to higher selenium intake and -äs a consequence -higher excretion of this element in the urine. While the correlation between selenium levels in whole blood or plasma and its daily excretion in the urine have^been investigated in several laboratories, such a correlation has been only found when an selenium-enriched diet was involved (45, 46) . To the best of our knowledge no data have been published so far concerning the correlation between blood selenium level and urine selenium eoncentration expressed per amount of creatinine. Our results show a statistically significant correlation between the single void urine selenium (ng/g creatinine) and the whole blood selenium eoncentration. This finding Supports Hojo's Suggestion (41) that the single void urine sample seems to be adequate to estimate selenium Status in humans. In the study presented here no significant sex differences were found in urine selenium levels, which is in good agreement with the finding ofGeahchan & Chambon (22) . The statistically significant correlation found by us between urinary selenium excretion ^g/g creatinine) and blood or plasma selenium levels suggests that the selenium content of urine is a useful indicator of selenium Status in the organism.
